Introduction
The incidence of cardiovascular disease (CVD) in men is higher than women, but postmenopausal women have a higher risk of CVD with declining estrogen levels [1, 2] . Thus, estrogen loss plays a key role in causing CVD in women. Estrogen replacement therapy (ERT) and hormone replacement therapy (HRT) are now important issues for cardiovascular health in women. Although it has been proved that estrogen plays an important role as an anti-inflammation [3] [4] [5] , antioxidation [6] [7] [8] agent, in human vascular smooth muscle cells (VSMC) [9] [10] [11] , ERT and HRT can also lead to a series of adverse side effects, such as venous thrombosis, stroke, as well as cancers of the breast, uterus and ovaries [12] [13] [14] [15] . Thus, the use of estrogenic therapy for the prevention of cardiovascular disease is still in debate.
Atherosclerosis, the pathophysiological basis of coronary heart disease, is characterized by initial lipid deposition and an inflammatory response in the intima of blood vessels. Inflammation and oxidative stress play important roles in the progression of atherosclerosis and formation of vulnerable plaques [16] [17] [18] .
Salvia miltiorrhiza is a Chinese herb reported to promote blood circulation and prevent blood stasis [19] . Tanshinone IIA(TanIIA), as the main lipophilic ingredient of Salvia miltiorrhiza, can significantly inhibit coronary artery contraction, improve coronary blood flow, exert anti-atherosclerotic actions, inhibit platelet aggregation and protect damaged endothelium [20] [21] [22] [23] [24] [25] [26] . Although there has been some research on the anti-inflammatory and anti-oxidative effects of TanIIA, these articles have not identificed a specific mechanism for these effects [21, 27] . Our previous study found that TanIIA binds to the estrogen receptor with high affinity, and its active conformation is similar to 17β-estradiol (E 2 , Fig. 1 ). A phytoestrogen that has less adverse side effects could be an ideal agent for treating CVD in women. There are few studies of the estrogenic effect of the TanIIA [25] . We hypothesized that TanIIA has an estrogenic effect that protects against oxidative damage to endothelial cells; playing an anti-inflammatory and anti-oxidative stress role in atherosclerotic vessels by activating the estrogen receptor. We used an atherosclerotic animal model (ovariectomized female apoE -/-mice fed a high fat diet) to verify (1) whether TanIIA can exert anti-inflammatory and anti-oxidative effects; (2) whether the mechanism of these effects is mediated by activating the estrogen receptor on the endothelial cells; and (3) via which signaling pathway TanIIA actives to produce its anti-inflammatory effects. Liu 
Materials and Methods

Ethics statement, Chemicals and Reagents
All animals experiments were permitted and approved by the Ethical Commission of Xiyuan Hospital (Beijing, China).
Normal and high fat feed(78.85% normal feed, 21% fat, 0.15% cholesterol) were purchased from Beijing HFK Bioscience Co., Ltd (Beijing, China). TanIIA was purchased from Xi'an HONSON Biotechnology Co., Ltd (Xi'an, China). Fulvestrant (ICI182780) was purchased from IPR Pharmaceuticals, INC. (Puerto Rico, USA). Estradiol valerate tablets (E 2 ) were purchased from Bayer Schering Pharma(Leverkusen, Germany). E 2 and Tan IIA were dissolved in 0.5% sodium carboxymethylcellulose to make a mixed suspension.
Low-estrogen atherosclerotic animal model
Twenty C57/BL female mice weighing from 18 to 21g (8 weeks old) were purchased from Vital River Laboratory Animal Technology Co. Ltd for the normal group (NOR:normal feed), and one hundred and twenty female apoE -/-mice weighing from 18 to 21g (8 weeks old) were purchased from the same company and were randomly divided into 6 groups: model group (MOD: high fat feed), 17β-estrodial (E 2 :high fat feed and E 2 :0.13mg/kg/day) group, E 2 and ICI182780(E 2 +ICI:high fat feed; E 2 : 0.13mg/kg/day; ICI:65mg/ kg/month) group, low-dose TanIIA (TLD:high fat feed and TanIIA:30mg/kg/day) group, high-dose TanIIA(THD:high fat feed and TanIIA:60mg/kg/day) group, and low-dose TanIIA and ICI182780 (TLD+ICI:high fat feed; TLD:30mg/kg/day; ICI182780: 65mg/kg/month) group. And each group had 20 mice. All the apoE -/-mice underwent sterile ovary ligation and ovariectomy, one week before oral administration of Tanshinone IIA and E 2 and commencement of the high-fat diet. The C57/BL mice were given sham operation (needle threading, without ovary ligation and ovariectomy), and one week later were given oral administration of sodium carboxymethylcellulose vehicle and maintained on the normal diet. In addition, the mice in E 2 +ICI group and TLD+ICI group were given intramuscular injections of Fulvestrant (ICI182780) every month. After three months, the blood and aorta were collected for detection of treatment effects.
Histopathological staining: Hematoxylin and eosin (HE) staining and Oil red O staining
To quantify the extent of atherosclerotic lesions, the aortic roots (from the aortic opening to 0.5cm from the opening section of the aorta) were separated and stored in 4% paraformaldehyde for HE histopathological staining.
To test the lipid content in atherosclerotic blood vessels, the aortic roots (from aortic opening to 0.5cm from the opening section of the aorta) were separated and stored in liquid nitrogen. Pre-frozen aortic roots were placed into molds with OCT compound and cut into 7um thick slices for oil red histopathological staining.
Measurement of serum blood fats, oxidative stress indicators, inflammatory factors and E 2 in mice
After maintenance on normal and high-fat diet for three months, each group of mice was fasted for 12 hours before the blood was collected. The serum was separated by centrifuge (3000rpm, 15min). The levels of serum TG (triglyceride), TC (total cholesterol), LDL (low density lipoprotein), VLDL (very low density lipoprotein) and HDL (high density lipoprotein) were quantified by biochemical analyzer. The levels of serum SOD (superoxide dismutase) and MDA (methane dicarboxylic aldehyde) were quantified by biochemical kit (NanJing JianCheng Bioengineering Institute, China). The levels of serum E 2 (17β-estradiol), NF-κB (nuclear factor kappa), AP-1 (activating protein-1), sICAM-1 (soluble intercellular cell adhesion molecule-1) and E-selectin were quantified by Elisa kit (cat: KGE014, 29516/10, 29517/10, DY796, DY575, R&D Systems, USA).
Western Blot analysis
Mice aortas (from the opening of the aorta to the abdominal aortic bifurcation) were separated and washed twice with ice-cold PBS, then stored in liquid nitrogen. Aortas were ground into homogenates and lysed with SDS sample buffer (50mM Tris, pH8.0, 150mM NaCl, 0.1% SDS). Equal amounts of protein (40μg) were resolved by SDS-PAGE (10% standard gel) and transferred onto a nitrocellulose membrane (Millipore Corporation, Billerica, MA, USA). The membranes were blocked with Blocking solution (5% non-fat milk TBST, TBST: 1×TBS add 1‰Tween) at 37 Liu 
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primary antibodies against phospho-ERK1/2 (cat:4370s, Cell Signaling Technologies, USA) at 1:1000 dilution in blocking solution. After washing three times in TBST buffer, blots were incubated further with goat anti-rabbit horseradish peroxidase-conjugated secondary antibodies (cat:ZB-2301, ZSGB-BIO, Beijing, China) at a concentration of 1:2000 for 1 h. The blots were then washed five times in TBST, and protein bands were detected by Enhanced Chemiluminescense (ECL, ThermoFisher, USA), and densitometric analyses were performed using IPP (Image-Pro Plus Analysis Soft ware, USA).
Statistical Analysis
All values are presented as mean±standard error of mean. The data were analyzed by one-way analysis of variance (ANOVA) followed by post hoc LSD t-test for multiple comparisons. Values of P < 0.05 or P < 0.01 were considered to be statistically significant.
Results
ApoE
-/-mice have atherosclerosis after consuming a high-fat diet for three months To identify whether the apoE -/-mice fed the high-fat diet had atherosclerosis, a crosssection of of the aorta was stained with HE. The vessel of C57/BL mice were chosen to be a control. The cross-section of C57/BL mouse aorta showed no atherosclerotic plaque. But the cross-section of the apoE -/-mouse aorta showed a large atherosclerotic plaque ( Fig. 2) .
TanIIA inhibits the lipid deposition in atherosclerotic vessels
To test the lipid content of atherosclerostic plaques in aortas of ovariectomized apoE -/-mice and the effects of TanIIA on the lipid deposition, aortic cross-section were stained with oil red O. The aortas of NOR group mice showed no red lipid deposition. The aortas of the E 2 and THD groups also showed no obvious red lipid deposition. In contrast, the aortas of the apoE -/-mice in MOD, E 2 +ICI, TLD and TLD+ICI group showed an obvious red color lipid deposition under the endothelial cells, which grew towards the inside of the vessel. Foam cells could also be found in the tunica intima, and there was loose gap between the tunica intima and the media smooth muscle cells (Fig. 3) .
TanIIA decreases the levels of blood fats in ovariectomized apoE
-/-mice To test the levels of blood fats in ovariectomized apoE -/-mice and determine whether TanIIA can decrease the blood fats and improve the lipid metablism. After three months of high-fat diet and normal diet, all the mice were killed and blood was collected to measure circulating fat and cholesterol lipoproteins. The serum TG, TC, LDL and VLDL levels in MOD group were significantly higher than the NOR group, but the serum HDL level of MOD group was significantly lower than the NOR control. The serum TG, TC, LDL and VLDL levels in mice given oral administration of E 2 , TLD and THD group were significantly lower than the MOD group, but the serum HDL levels of E 2 , TLD and THD group were significantly higher than the MOD group. Mice treated with ICI182780 (the mice of E 2 +ICI group had a higher levels of serum TG, TC, LDL and VLDL and lower level of serum HDL. But there is no difference between TLD group and TLD+ICI group (Table 1) .
TanIIA increases serum SOD, and decreases serum MDA in ovariectomized atherosclerotic apoE -/-mice To determine if TanIIA has anti-oxidative stress effects, we tested the effect of TanIIA on the levels of serum SOD and MDA in ovariectomized atherosclerotic apoE -/-mice. All the mice were killed and blood was collected after three months of high-fat diet(HFD) and normal diet. Compared to the NOR group, the MOD group had a lower level of serum SOD, but a higher level of serum MDA. E 2 , TLD and THD increased the level of serum SOD and decreased the level of serum MDA in ovariectomized atherosclerotic apoE -/-mice, These effects were blocked by the estradiol receptor antagonist ICI182780. The effect of the low dose TanIIA (30mg/kg) was much better than the high dose TanIIA(60mg/kg) (Fig.4) . Liu 
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TanIIA has no significant effect on the serum E 2 levels in ovariectomized atherosclerotic apoE -/-mice To determine whether TanIIA increases the serum E 2 levels directly in ovariectomized atherosclerotic apoE -/-mice and whether this effect is through estrogen receptor. After three 
months of high-fat diet and normal diet, all the mice were killed and blood was collected for the test of the serum E 2 . The serum E 2 levels in MOD group were significantly lower than that of the NOR group. The serum E 2 levels in mice given oral administration of E 2 were higher than the MOD group, but TanIIA could not increase the level of E 2 in atherosclerotic apoE -/-mice. The effects of TanIIA and E 2 can not be inhibited by the ICI182780 (Fig. 5) .
TanIIA decreases the levels of serum inflammatory factors in ovariectomized atherosclerotic apoE -/-mice After three months of high-fat diet and normal diet, all the mice were killed and blood was collected. The serum NF-κB, AP-1, sICAM-1 and E-selectin levels in the MOD group were Table 1 . Effect of TanIIA on circulating fats and cholesterol lipoproteins in ovariectomized atherosclerotic apoE -/-mice. The mice were given oral administration of TanIIA and E 2 every day, and intramuscular injection of ICI182780 every month. After three months of high-fat diet and normal diet, all the mice were killed, and blood was collected for the test of the blood fats. MOD group had a higher levels of TG, TC, LDL and VLDL and a lower level of HDL than NOR group. The E 2 , TLD, THD administered mice groups had lower levels of TG, TC, LDL and VLDL and a higher levels of HDL than the MOD group.ICI182780 inhibited the effects of E 2 , but not TLD. Fig. 4 . Effect of TanIIA on serum SOD and MDA levels in ovariectomized atherosclerotic apoE -/-mice.The mice were given oral administration of TanIIA and E 2 every day, and intramuscular injection of ICI182780 every month. After three months of high-fat diet(HFD) and normal diet, all the mice were killed, and blood was collected for the test of the serum SOD and MDA. The level of serum SOD in MOD group was lower than the NOR group, and the level of serum MDA in MOD group was higher than the NOR group. E 2 and TanIIA increased the level of serum SOD, and decreased the level of serum MDA. The effect of E 2 and TanIIA were reversed by the ICI182780. Bars are displayed as mean±standard error of mean. mice.The mice were given oral administration of TanIIA and E 2 every day, and intramuscular injection of ICI182780 every month. After three months of high-fat diet and normal diet, all the mice were killed, and blood was collected for the test of the serum E 2 . The levels of serum E 2 in MOD group were lower than the NOR group. E 2 increased the levels of serum E 2 , but TanIIA had no effect on the levels of serum E 2 in atherosclerotic apoE -/-mice. The effect was not reversed by the ICI182780. Bars are displayed as mean±standard error of mean. ** P < 0.01 vs.NOR group, △△ P < 0.01 vs. MOD group. Fig. 6 . Effect of TanIIA on the serum inflammatory factors levels in ovariectomized atherosclerotic apoE -/-mice. The mice were given oral administration of TanIIA and E 2 every day, and intramuscular injection of ICI182780 every month. After three months of high-fat diet and normal diet, all the mice were killed, and blood was collected for the test of the serum NF-κB, AP-1, sICAM-1 and E-selectin. (A) TanIIA and E 2 inhibited the production of serum NF-κB , and the effect was reversed by ICI182780. (B) TanIIA and E 2 inhibited the production of serum AP-1, and the effect was reversed by ICI182780. (C) TanIIA and E 2 could inhibit the production of serum E-selectin, and the effect was reversed by the ICI182780.(D) TanIIA and E 2 inhibited the production of serum sICAM-1, and the effect was reversed by ICI182780. Bars are displayed as mean±standard error of mean. Cellular Physiology and Biochemistry significantly higher than the NOR group. TanIIA and E 2 significantly reduced the serum NF-κB, AP-1, sICAM-1 and E-selectin levels in atherosclerotic apoE -/-mice compared to the MOD group. The effect of the low dose TanIIA (30mg/kg) was much better than the high dose TanIIA(60mg/kg). The reduction of E 2 and TanIIA can be partly reversed by the ICI182780 (Fig. 6) .
TanIIA inhibits the expression of p-ERK1/2 in aorta of ovariectomized atherosclerotic apoE
-/-mice. After three months of high-fat diet, the apoE -/-mice suffered from atherosclerosis. The aortas were dissected out for the Western Blot analysis. The expression of p-ERK1/2 was significantly increased in the atherosclerotic mice. TanIIA and E 2 significantly inhibited the expression of p-ERK1/2. TanIIA at 30mg/kg was more effective than TanIIA at 60mg/kg. The inhibition was reversed by the ICI182780 (Fig. 7) .
Discussion
Our previous study showed that TanIIA has an estrogen-like structure which can bind to the estrogen receptor. We hypothesised that TanIIA may also play an estrogenic protective role on atherosclerosis.
In this study, we have demonstrated that (1) TanIIA can partly reduce lipid deposition under the endangium. (2) TanIIA reduces blood fats and cholesterol. (3) TanIIA decreases the inflammatory factors and oxidative-stress factors. And, (4) TanIIA can reduce the activation of ERK1/2 by decreasing formation of p-Erk1/2 protein. All of these effects are similar to estrogen (17 beta-estradiol) and can partly be inhibited by the estrogen receptor antagonist ICI 182780. TanIIA itself did not increase the level of estrogen directly. Estrogen can lower the lipid level in serum and lipid deposits in apoE -/-mice [28] . Estrogen reduces the plasma cholesterol in ovariectimized apoE -/-mice, and it is an estrogen receptor dependent process [29] . Tanshinone IIA has been shown to reduce the content of macrophages, cholesterol accumulation, and the development of atherosclerotic plaqued Fig. 7 . Effect of TanIIA on the expression of p-ERK1/2 in aorta of ovariectomized atherosclerotic apoE -/-mice. The mice were given oral administration of TanIIA and E 2 everyday, and intramuscular injection of ICI182780 everymonth. After three month of high-fat diet and normal diet, all the mice were killed, and aortas were separated for Western Blot analysis. The expression of p-ERK1/2 were significantly increased in the atherosclerotic mice. TanIIA at 30mg/kg and 60mg/kg and E 2 at 0.13mg/kg could significantly inhibit the expression of p-ERK1/2 . And TanIIA at 30mg/kg was more effective than TanIIA at 60mg/kg. The inhibition can be partly reversed by the ICI182780(65mg/kg). Bars are displayed as mean±standard error of mean. ** P < 0.01 vs. NOR group, △ P < 0.05, △△ P < 0.01 vs. MOD group, ▲ P < 0.05 vs. E 2 group, ★ P < 0.05 vs. TLD group.
Liu [30] . It also attenuates advanced atherosclerotic lesions in apoE -/-mice [21] , but it does not alter serum lipid profile and body weight in apoE -/-mice [21] . Our research supported the hypothesis that TanIIA can reduce undesirable lipid deposition. We found that TanIIA can decrease serum TG, TC, LDL and VLDL and increase the HDL level in ovariectimized apoE -/-mice, which is similar to the effect of estrogen administration, but this is not inhibited by ICI182780. For the apoE -/-mice, TanIIA did not decrease the serum lipid [21] , but for the ovariectimized apoE -/-mice, supplementation of TanIIA could decrease the serum lipid, which strongly suggests that TanIIA has the estrogenic role.
Oxidative stress, which occurs in response to an altered metabolic state, and apoptosis and lipid peroxidation, is additionally involved in the pathogenesis of atherosclerosis [31] . SOD has been shown to be a potentially important mediator in the prevention of ox-LDL accumulation within atherosclerotic plaques [32] . MDA is a product of lipid peroxidation and we chose to test SOD and MDA to demonstrate the anti-oxidative stress effects of TanIIA. We found that after ovariectomy, and consumption of a high fat diet for three month, the mice had a higher level of MDA and a lower level of SOD compared to the NOR group. Supplementation of TanIIA reduced the level of MDA and increased the level of SOD in serum of mice, which is in accordance with previous studies on rabbits and rats [33, 34] . And the effect is similar to estrogen and can be blocked by estrogen receptor antagonists.
Inflammation plays an important role in the pathogenesis of vascular endothelial injury [35, 36] . Endothelial dysfunction leads to atherosclerosis and restenosis by facilitating platelet adhesion and aggregation and by signaling the release of mitogens from platelets, macrophages, and endothelial cells, which stimulate smooth muscle cell proliferation [37] . Inflammatory markers, such as ICAM-1, VCAM-1, selectin, NF-κB, TNF-α, AP-1, are important indicators of endothelial dysfunction [38] . It has been reported that TanIIA significantly reduces aortic expression of NF-κB and matrix metalloproteinase-9 (MMP-9) in apoE -/-mice [21] . This in vivo study was supported by our study demonstrating decreased serum levels of inflammatory indicators in ovariectomized apoE -/-mice treated with TanIIA. In vitro studies provided corroborating evidence of an anti-inflammatory role of TanIIA. Ox-LDL(oxidized low density lipoprotein), TNF-α(Tumor Necrosis Factor),and LPS(lipopoly-saccharide) were given to the cells to make the injured endothelial model in vitro studies. TanIIA regulated TNF-α-induced expression of VCAM-1 and ICAM-1 through inhibition of NF-κB activation [39] , suppressed oxidized LDL-induced pro-inflammatory cytokine (IL-1beta, IL-6, TNF-α, MCP-1) expression [21, 25] , and inhibited LPS-stimulated phosphorylation of NF-κB-inducing kinase and IκB alpha kinase as well as the phosphorylation of p38, ERK1/2, and JNK [40] , which supported the in vivo studies. Among them, one chain of research indicated that the anti-inflammatory effects of TanIIA are mediated by via ER-dependent pathways [25] , but by which signal transduction pathway was not mentioned. Our study showed that Tan IIA is able to reduce serum levels of NF-κB, AP-1, sICAM-1, E-selectin in ovariectomized atherosclerotic apoE -/-mice. This suggests that estrogen plays a protective role for the vascular endothelial cells, which are estrogen receptor-independent and can be inhibited by the estrogen receptor antagonist ICI182780.
ERK, one of three well-characterized subfamilies of MAPK, phosphorylates specific tyrosine and threonine residues of target protein substrates, and regulates cellular activities that include gene expression, mitosis, movement, metabolism, survival, and programmed cell death [41] [42] [43] . The activation of the ERK signaling pathway is closely related to inflammation [44] [45] [46] [47] . TanIIA has been reported to increase the level of NO and the expression of eNOS in cardiac microvascular endothelia by upregulating the expression of ERK1/2, which is similar to the estrogen and can be antagonized by estrogen receptor antagonist [48] . No information is available on the relationship among anti-inflammatory and anti-oxidant effects, estrogenic effects and signaling pathway. So, we tested the p-ERK1/2 expression in aorta of each group to see whether TanIIA and estrogen can reduce the secretion of inflammatory factors in mouse vessels and, is the mechanism caused by affecting the p-ERK1/2 protein in ERK signal passway? The results showed that the expression of p-ERK1/2 in the model group was higher than the normal control, which may illustrate that ERK1/2 is involved in the We found that after removal of bilateral ovaries, the mice had a low serum estrogen levels, and the mice which were given oral estrogen had a high serum estrogen levels, but the mice which were given oral TanIIA had a low serum estrogen levels the same as the model group. Combinding the results, we inferred that TanIIA could be seen as a supplement of estradiol, and directly bind to the receptor.
We found that the effect of low dose of TanIIA is generally better than the high dose of TanIIA. We chose the 30mg/kg/d as the low dose, and the 60mg/kg/d as the high dose according to our previous research, which told us that there is a low absorbance rate of TanIIA in apoE -/-mice. It seems that the estrogenic effect of TanIIA in low dose is better than that in high dose. And this results is opposite to other research which tells us that the effect of TanIIA in high dose is better than that in the low dose [49] . We should do further study about this.
We first used the ovariectimized apoE -/-mice to establish the low-estrogen level atherosclerostic animal model, which may be similar to the postmenopausal atherosclerostic women. Our study was to investigate the anti-inflammatory and the anti-oxidative effect of TanIIA on ovariectimized atherosclerostic apoE -/-mice, assuming that TanIIA has an estrogenic protective effect. Through experimental studies, it was confirmed that TanIIA can regulate the blood lipid level, inhibit lipid deposition and reduce the levels of inflammatory cytokines and the oxidative-stress factors by inhibiting the expression of downstream p-ERK1/2 protein of the ERK pathway, which is similar to estrogen and can be inhibited by an estrogen receptor antagonist. In the future, we will test the estrogenic effect of TanIIA in in vitro studies. Studies also need to be carried out to find out whether TanIIA has the adverse side-effect profile of estrogen. This study provided some experimental basis on the use of Salvia miltiorrhiza for the clinical treatment of postmenopausal women with CHD. TanIIA is, not just only an ingredient which can promote blood circulation and remove blood stasis in Salvia miltiorrhiza, but a phytoestrogen which can be used in estrogen replacement therapy. Liu 
